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Reflections on Technological Literacy
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Technological literacy means far more than just the ability to use computers and other machines. It implies an understanding of the factors involved in the creation and development of technologies and of the impacts of technology on society, on individuals, and on the environment. Ignorance of any of these facets can have serious consequences in a future in which technology will play an ever more determinant role. Unfortunately, the importance as well as the intrinsically interdisciplinary nature of technological literacy have not yet been perceived by the educational system and used to enrich the content of school curricula and of traditional liberal arts college curricula. The diffusion of technological literacy is an urgent priority in helping shape our culture, in providing a sense of optimism about our future, and in enabling us to avoid the disasters that the neglect of technology has wreaked historically on other societies.
What Is Technological Literacy?
There is a great deal of confusion about the meaning of the words technological literacy. The confusion is both about what is meant in this context by technology and about what is meant by literacy. If one visits an elementary or a middle school, one finds that what is usually meant by technology are computers and the Internet, and by technological literacy, the ability to use them. In a knowledge society, these are, of course, extremely important skills. They are important to secure a job, they are important to employers whose businesses are being revolutionized by information technology, and they are equally important in our everyday life, in shopping, in banking, in seeking information. Others, however, think of technological literacy also as an understanding of how things work or as knowing how to build some things. Clearly, again, the very nature of our lives forces us to know something about the devices that we use at home and at work, from microwaves to copying machines, as well as to have some manual dexterity with tools and equipment so as not to be completely helpless in our everyday life.
Unfortunately, however, the school courses that deal with this aspect of technological literacy have ended up by giving, unfairly, technological literacy a low status in our schools. This is a view against which efforts to elevate technological literacy to encompass a higher and broader level of understanding of the entire technological process and its role in society-yet another meaning of technological literacy-are struggling valiantly. Thus, the crucial importance of the broader dimension of technological literacy for the health of our democracy remains only dimly perceived. The consequences range from unrealistic expectations about technology, to excessive fear of technology, and inability to participate intelligently in the discussion and resolution of a myriad of issues in which technology plays an ever more determinant role and affects deeply our lives, from jobs to education, from defense to health care, from privacy to the environment, from sustainability to international relations.
In today's school curricula in the United States, there is virtually no room for courses on technological literacy. Neither has technological literacy, in its broader context, found a place in the liberal arts curricula of most universities. In a sense, today, liberal arts education has remained anchored to the trivium and quadrivium of the early universities that emerged in the 11th through the 13th centuries in Europe, even if today's science courses in the curriculum could be viewed as taking the place of the quadrivium's astronomy, or literature and composition courses of the trivi-um's rhetoric, or if, for geometry and math, the liberal arts curricula tend to rely on what is being taught-or not taught-in the high schools.
Two hundred years ago, Kant proposed as the three fundamental questions: What can I know? (we could call it the science question), What ought I to do? (the ethics question), and What may I hope? (ultimately, what we may call, in a broad sense, the engineering question of how do we modify nature, including ourselves-whether through engineering artifacts or through agriculture or through medicine, all activities that do not accept nature-both inorganic and organic-as it is but endeavor to alter it). These three questions continue to be fundamental to our civilization today-the need to know nature, the need to understand how nature can be modified to respond to our needs, and the need to reach normative decisions as to what we should or should not do. If we look at today's general education, at whatever level, the litmus test of its lack of completeness is that the triangle of the three Kantian questions is not closed. There is a missing dimension, the dimension that has to do with technology, that is, with the artifacts and the activities by which we modify nature with our artifacts and by which a world with a population of 6 billion, soon to be 8 billion, is made possible. While, at long last, in the United States, we have begun to pay much attention to the need for better science literacy among the general public and in the schools, the parallel need for technological literacy is barely talked about. We are concerned-rightly-that people should understand the solar system and have some notion of chemistry, or biology, but in spite of some pioneering efforts, we are doing very little to prepare the students who will be the electors and the elected of the future to appreciate the factors that must be taken into account in making decisions about technology.
The issues in our everyday life for which we need technological literacy go beyond knowing how to use computers and other technological devices, essential as that knowing is. They are issues that affect how we go about making personal decisions as well as community decisions, such as how to vote on a proposed incinerator or on a bond issue to build a bridge that may be of greater immediate benefit to a neighboring community. They are issues of risk, safety, costeffectiveness, standards, and trade-offs, all interwoven. Not one of these concepts is emphasized in the teaching of the sciences. They are exquisitely technological or sociotechnological, although, of course, they involve science too. Consider, for instance, the use of the concept of cost-effectiveness in deciding whether to reduce traffic fatalities each year-40,000 in the United States alone-by modifying the highways versus enhancing the safety features of vehicles. Or, for that matter, consider the personal decisionseemingly trivial, but of appreciable socioeconomic impact-as to whether it is more cost-effective or safer to use a microwave oven or a stove.
Thus, there is still a hard road ahead to reaching a consensus as to what technological literacy is and how it can be developed. Above all, as we enter the new millennium, there is no widespread appreciation of the consequences of technological illiteracy for the citizens of countries as permeated by technology as the United States and other industrial democracies.
Consequences of Technological Illiteracy
Everybody understands what it means to be illiterate, pure and simple. Also, probably everybody today understands the enormous handicaps in a knowledge society of not knowing how to use a computer.
But the handicap of not understanding the implications of technologies that profoundly affect our lives is far from being recognized. Consider, for instance, the widespread ignorance, until recently, of the nature, dimensions, and possible consequences of the Y2K problem, or the complexity of the issue of privacy, or the implications for consumers of the Microsoft trial, or the current concern about genetically engineered agricultural products. The consequences of lack of understanding in issues such as these affect every one of us.
Technological literacy, like general literacy, is more than just being able to read the alphabet. After Gutenberg's invention, the ability to read gave the people wide access to books, enabling them to form their own opinions. Similarly, today, the ability to understand technology rather than just the how-tos of technology is needed to safeguard liberty in a modern society. Without it, the conduct of affairs of our society is carried at too low a level of knowledge. In the United States, ignorant judges and ignorant juries will continue to plague the administration of justice, and Congress will pass laws and allocate budgets in ways that may be detrimental to the strength of the nation.
A technologically advanced society can only accept and sanction to its peril the description that the famous lawyer Gerry Spence gives of the knowledge of a typical judge today:
It is argued [that] the judges can understand the technical evidence better than laypersons-the DNA in the O.J. case, for example, the subtleties of medical and other scientific evidence. After all, this is the technical age. Yet I know few judges who can understand how the engine in their car works or who can fix a leaky faucet. . . . Most judges don't understand the technical evidence that is presented to them any better than the computer operator who is on the jury. Most judges don't know a RAM from a goat. . . . Alan Dershowitz, that brilliant Harvard professor, admits that much of the technical evidence in the Simpson case 'was incomprehensible to me, and I have been teaching law and science for a quarter of a century.' " (p. 242)
Can we continue to accept and sanction this state of affairs? Should not, for that matter, a technologically literate electorate, before anointing its representatives, be able to ask where they stand on technological issues, be they R&D budgets and their allocation, or the development of new technologies, or of where they stand on the issue of privacy versus the promise of information technologies and genetic testing?
The list is growing every day of the areas and issues that require this broader view of technological literacy in order to deal knowledgeably with concerns about equity, the impact of rapid change, job shifts, side effects, and investment of national resources. If the direct impact of computers on jobs, education, and everyday life is by now beginning to be widely appreciated, there are many other issues, often shrouded in the fog of ignorance of basic facts, that are bound to have on the aggregate an even greater impact. Citizens will be called to decide with their votes or their pocketbooks or their feet, on the ever more rapid development of biotechnology, with its potential to revolutionize many industrial processes; or on the impact of alternate engine technologies on the auto industry, and hence on millions of jobs, as well as on the transportation infrastructure; or on the impact of new transportation systems, from high-speed trains to vertical-takeoff airplanes, on the air transportation industry, from airlines to airports; or on the transformation of retail commerce through wireless communications and the Internet, with the potential to eliminate intermediaries such as the retail store; or on the impact of the Internet on other services, including education; or on the degree to which the shift of manufacturing to other countries is desirable, and on its implications for communities that seek to avoid the fate of some ghost towns abandoned by massive industrial operations; or on our leadership responsibilities in the international efforts to reduce environmental impacts versus our immediate concern for the impacts on mining, utilities, manufacturing, and all sorts of other activities and enterprises; or on the technological transformation of our infrastructure, our housing, and our places of work to accommodate the needs of an increasingly aging population-and by the same token, on the new training needs for that population that now can contemplate many years of useful work beyond traditional retirement age; or on the role that technology could play in reorienting the health care system from remedial to preventive.
Because of the technological trends out of which these issues arise, millions of jobs requiring new skills are being created and millions of jobs are vanishing. The most important implications transcend individual citizens and affect the vitally important ability of our nation to continue to change, to continue to innovate.
Learning to Ask Questions About Technology
As citizens and users of technology, we need to learn what questions to ask about technology. It is amazing how often irrelevant questions are being asked at annual meetings of technological corporations by stockholders with a few shares, who have a greater stake as users than as owners and thus should ask about risk, reliability, side effects, or environmental sustainability of new technologies.
The questions that need to be asked are questions about facts and questions about impacts. The two sets of questions are inextricably interrelated. Questions about facts often demand metrics for comparisons. It is not enough to say that a highway is crowded or that a power plant is polluting if we cannot put numbers that indicate by how much or what the cost of remediation and of the possible risks and side effects might be.
A further example of the questions that citizens need to ask has to do with the dramatic transformation of the skills required by a knowledge-and informationbased economy. Given the enormous dimensions and implications of this shift, a citizen should be able to ask whether the educational system is effective in preparing the new workforce, whether adequate provisions are being made to retrain the current workforce (as this and other shifts are occurring too rapidly to consider only changes in formal education), what are the costs, Bugliarello / TECHNOLOGICAL LITERACY 85 what are the strategies and their implications, what will happen in the future, and what will be done for those in our society and elsewhere in the world who cannot keep up-the poor, the elderly, the handicapped, indeed, also the prisoners. (There is a recent episode of an escaped prisoner who was recaptured because he was fumbling with a self-serve gas pump that had not existed when he went to jail.) How does a population bypassed for whatever reason get prepared for reentry into a rapidly changing technological world?
How well do citizens understand the fact that a new technology is bound to require organizational changes and that this in turn requires new training for the workforce as well as preparing the managers to operate in a new organizational mode? Sometimes people and organizations adapt; sometimes they fail. Examples are everywhere-in the military context; in business, where they affect our productivity and competitiveness; and also in education, for instance, in the ability of schools and universities to reorganize themselves to respond to the Internet. In business, a major revolution is the impact of technology on the supply chain, from producer to consumer. Retailers-an over $1 trillion dollar portion of our economy-are prospering or failing according to whether they can adapt to the potential of new technologies.
Or, how much do citizens understand the facts-not the myths-about sustainability and the potential implications for their everyday life, for a consumer society increasingly unsustainable if expanded on a global scale? For instance, how well do they understand the possible trade-offs between energy and information and their implications for the way we work (e.g., the virtual office) or the trade-offs between air and land transportation so as to be able to intervene in the decision-making process about high-speed ground transportation-its cost-effectiveness, its risks, its impacts on communication?
The great question and the great educational impact of science is truth. But equally important for a citizen of a democracy are the technological questions: What can I expect from technology? How can technology be used to improve my life and the human condition? What should I be concerned about? The ability to address these questions is much of what technological literacy is about. One does not need to know all that there is to know about technology in order to answer these questions any more than one does not need to know all there is to know about science in order to understand what is meant by a scientific statement.
A technologically literate citizen will more clearly understand how unavoidable technological constraints affect military expeditions in an action such as the recent one in the Balkans. They will be better prepared for its side effects, for the limitations of technologies designed for a different purpose, for the logistic demands of forces a long way from home base, for the demands of massive humanitarian assistance, and they will be better prepared for the costs, in human lives, and in money, and for the impacts on our values.
The issue, most emphatically, is not whether a citizen should have a fixed set of opinions on these matters but whether a citizen should be able to ask appropriate questions and learn the pertinent facts-and only then make up his or her mind. Technological literacy is the best guarantee to preserve freedom of choice. This is the broader and ultimately most crucial dimension of technological literacy for our democracy.
The Interdisciplinary Nature of Technological Literacy
Technology is not a sealed box. It is a process involving virtually every element of knowledge and every activity of society. Thus, technological literacy implies the ability to think broadly across disciplines. Scientific literacy and technological literacy complement each other and need each other. One of the most important values of scientific literacy is to give a citizen a better chance to discriminate between truths and untruths. It is a value that goes beyond the scientific context, as it can be extended to assess the truths or untruths in many other contexts. Technological literacy is about being able to use technological tools to understand how technology can help us individually or as a society solve problems, to understand the essence of the process of designing tools and modifying nature, and to acquire a realistic view of the limits, possibilities, and consequences of technology, whether we decide to dam a river or to genetically alter an organism.
We cannot make or influence those decisions without understanding how they affect nature-and therefore without at least a base of scientific literacy. And we cannot understand nature without technological instruments for doing so but also without understanding how technology is modifying nature. We need those understandings in order to avoid as much as possible what has been called the revenge of unintended consequences.
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Examples of how technology has dramatically affected human events can enrich the teaching not only of the sciences but also of the social sciences and humanities, and provide a link among them.
The Issue of Optimism About the Future
Technological literacy will be indispensable in the ever more complex society of the future for sustaining a sense of optimism. That optimism is warranted if we think that in spite of all the disasters and horrors of this century, our life expectancy has doubled, and we have achieved feats that would have been deemed miraculous by all previous human generations. But sometimes we lose that optimism or we lose, as a society, the capacity to dream and to transform dreams into reality.
In the past, optimism about the future supported the landing on the moon and made possible, for instance, in New York City, in the 70 years between 1870 and 1940, the building of the great bridges, from the Brooklyn Bridge to the George Washington Bridge, the subways, the tunnels, the great buildings and power stations, all examples of extreme engineering that shaped the ethos and optimism of America in this century, even in spite of the Great Depression or of the losses in two world wars. That momentum in New York seems to be lost today, as little of great impact has been built in the subsequent 60 years, except mainly for the Verrazano Bridge and the airports. People in New York and in many other places seem to be resigned to accepting conditions like traffic jams, overcrowding, lack of housing, that can be remedied by technology, if there is the will to do so. Similarly, we are accepting a global situation in which almost one third of the world's population lives in poverty, and one fifth are jobless. It is a situation that threatens global stability but that we have the technological means to ameliorate dramatically. But restoration of a sense of optimism about the future should not be confused with fantasy. Today, in the minds of many technologically naive youth, the boundary between technology and fantasy has become very tenuous, affecting their sense of reality. Technological literacy is needed, not to thwart dreams, but to restore the balance between the impossible and the possible.
Twenty-five centuries ago, Socrates marveled why Athenians were able to do many clever things technologically, and yet there was something seriously missing in the political process. He was talking about the artisans of Athens and marveling at how poor was their ability or will to operate in the political arena. Twenty-five centuries later, technological literacy compels us again to ask, If we have the technological abilities, why does politics fail us in trying to improve these conditions? What are the causes of the bottlenecks? Why can't we overcome them? Until now, questions such as these, and they are myriad, often have been pursued first by small groups. It is actually amazing that many of them got results, in the recycling of waste, in the reduction of airport noise, in the elimination of fluorocarbons, or in the enhancement of automotive safety. But how much more could be achieved if an entire technologically literate population were to reflect on these issues, if it were to ask, Why not? and What if? and push for new solutions, new progress, and ultimately a better, more humane human condition.
The Diffusion of Technological Literacy
The question of technological literacy is not only to determine what every citizen should be expected to know about technology and why but also how that knowledge is to be diffused, how it is to be absorbed, and how it is to be put to good use. It may be useful to think, by the way of analogy, of what was done in Japan in the second half of the 19th century to develop general literacy. Tens of thousands of schools were created in a few years, in an effort that became the base of Japan's immensely rapid transformation from a feudal nation with only wooden ships to a modern nation that 50 years after Commodore Perry's visit was able to create a most modern fleet and annihilate the Russian fleet at Tsushima. That transformation bespoke of a commitment to technology-an enthusiastic cultural embrace of technology that continued to impress visitors to Japan well into the second half of the 20th century, with street after street lined with benches selling electronic components, surrounded by crowds of people with schemes in their hands looking for what they needed to build radios, and myriad of other gadgets.
Today, a parallel manifestation of popular involvement with technology are the soon to be hundred million people who use computers and the Internet. But there, by and large, technological literacy stops. It is a thin veneer when few understand how a computer works and when even fewer understand what a long and complex chain of events, national decisions, research climate, vision, investments, and risk takBugliarello / TECHNOLOGICAL LITERACY 87 ing led to today's fantastically powerful information technologies.
The disasters that, in the last 300 years of the past millennium, befell China and the Ottoman Empire for having fallen technologically behind because of a disconnect between skills and will should be a cautionary tale for us. The 20th century propelled the industrial democracies to a position of unprecedented affluence largely because the creation and diffusion of powerful new technologies was encouraged by the framework of open democratic political systems and of a dynamic economic system.
We and the citizens of other democracies will depend ever more on technology for maintaining and upholding freedom. This demands a technologically literate citizenry that not only knows how to use computers and other devices but also understands how thin ultimately is the technological margin on which the continued existence of democracies depends. It demands a citizenry that understands how rapidly, for example, nuclear weapons and nuclear submarines were developed by the antagonists of democracy during the cold war or how rapidly a defeated nation like Japan was able to become the leader in the mass production of certain electronic products. It demands a citizenry with a historical perspective of technological literacy and that understands how much the hope of a better future for the world-a future with no poverty, no famine, no lives shortened by disease-depends on technology.
To diffuse technological literacy, for sure the media need to step up to the plate and do far more than the relatively anemic or sensational reporting that, with a number, luckily, of noble exceptions, they are wont to do. And, for sure the schools and the universities need to step up to the plate and rethink the curriculum and focus on what has become imperative as the core of a general education. This means the inclusion of technological literacy on the same footing of importance as science education. Biology is often the only science taught in a liberal arts education, but even so, a student also should know at least the meaning of machines, the artifacts that are nothing else but a continuation of biology by other means and that make it possible for us to begin to modify our very biology.
The citizen needs to understand how powerfully machines extend our biological powers, our sense, our muscles, and our brains-at times too powerfully, as when high noise levels have reduced the hearing of most young people today. And the citizen needs to understand the basic limitations of machines, no matter how sophisticated-their inability to deal satisfactorily with ambiguities, and, of course, their lack of feelings and consciousness, the very characteristic that makes them useful to us. Only by understanding those powers and those limitations of machines, as well as the consequences of the use of machines, can a citizen make up his or her mind as to the extent to which our society should delegate tasks and responsibilities to machines or should press for the development in machines of advanced features like self-replication or of some faculty akin to consciousness.
A technologically literate citizen is the best guarantee against the dangers of a technological determinism that says that if something can be done, it should be done. Examples of that danger abound, from the trivial but annoying one of overly automated telephone answering services to the very recent and controversial decision by some HMOs to require that all 911 calls be first screened by them, a decision made possible by technology-by nimble telephone systems.
The Issue of Culture
Culture is many things, but for sure it is shared assumptions. Most would agree that the shared assumptions of the industrial democracies are freedom, democracy, rule of law, morality, and opportunity. But another shared assumption, even if less clearly articulated, is technology. Ultimately, the most important function of technological literacy is to make citizens more clearly conscious of the role of technology in preserving the other elements of their culture, and not allowing a gap to be created between technological savvy and the wise use of that savvy.
We have to worry about that gap. But it is not the gap between two cultures, as C. P. Snow would have it, because his two cultures are in reality subcultures of an all-penetrating technological culture in which nobody, not even the most committed critic of science and technology, avoids using technology for traveling, for curing illness, or for communicating.
Rather, within this all-encompassing technological culture, we need to be concerned about the growing strain between a material growth accelerating at a breakneck speed and the growth of concerns about pollution, congestion, and the social costs of that growth. The strains are bound to become ever more pronounced in the next century and beyond, unless a culture of technological literacy is developed, as distinguished from a culture based on technology but not on a widespread inquiring mind about technology.
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